Nitric oxide (NO) production is reduced in patients with essential hypertension and in some experimental models. We have investigated the effect of trichiormethiazide and captopril on NO synthase (NOS) activity and glomerular damage in the kidney of deoxycorticosterone acetate (DOCA)-salt hypertensive rats. DOCA-salt rats were induced with weekly injections of DOCA (30mg/kg body weight (BW)) and 1% saline in drinking water after right nephrectomy. As antihypertensive therapies, CAP (captopril, 40mg/kg BW) and TCM (trichlormethiazide, 10mg/kg BW) were given after induction of DOCA-salt hypertension. The increased blood pressure was significantly lowered by TCM, but not by CAP after 5 weeks. Nitrite production in kidney slices was suppressed in DOCA-salt rats, and immunoreactivity for both braintype NOS (B-NOS) in macula densa and endothelial-type NOS (EC-NOS) in renal vessels was decreased. TCM significantly increased the nitrite production in the kidney slices and B-NOS immunoreactivity, whereas these changes were less in CAP. Glomerulosclerosis score was significantly higher in DOCA-salt rats, and TCM ameliorated renal damage more effectively than CAP. These results indicate that the reduced nitrite production in the kidney of DOCA-salt hypertensive rats was increased more effectively by trichlormethiazide than by captopril, via increased immunoreactivity for B-NOS in the macula densa, and prevented renal damage. (Jpn Heart J 1996; 37; 251-259) 
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Dahl salt sensitive rat3,4) and deoxycorticosterone acetate (DOCA)-salt hypertensive rat,5,6) NO production is also decreased. Since normalization of blood pressure by antihypertensive therapies improved the decreased endothelium-dependent relaxation, it is thought that a reduction in NO production is a result of endothelial damage secondary to hypertension7). However, it is not known whether antihypertensive drugs have a direct effect on NO synthase (NOS) activity, and whether this effect is different among various antihypertensive drugs.
In the kidney, both constitutive and inducible NOS isoforms have been shown to exist in normal rats.8-13) Rats treated with a high salt diet demonstrated a decrease in immunoreactivity of brain-type constitutive NOS (B-NOS) in the macula densa, and vascular smooth muscle cell-type inducible NOS (VSM-NOS) in terminal afferent arterioles.14) Since DOCA-salt hypertension is a circulation volume-dependent type of hypertension with a high salt intake, immunoreactivity for B-NOS might be suppressed in the macula densa, and trichlormethiazide, a diuretic drug may induce some change in B-NOS activity. Angiotensin converting enzyme inhibitor has been shown to stimulate formation of NO in the endothelial cells of the skin microvasculature.15) The AT1 receptor antagonist, losartan has been shown to increase the immunoreactivity of B-NOS and VSM-NOS in the kidney.14) Thus, the salt concentration in the macula densa and renin-angiotensin system may independently regulate NOS activity in the kidney.
In the present study, we have investigated the effects of trichlormethiazide and captopril on NOS activity and glomerular damage in DOCA-salt hypertensive rat kidney.
METHOD
Animals and experimental designs: Thirty-four male Wistar rats weighing 250-300g were used, and DOCA-salt hypertension was induced in twenty-six rats as described previously.16) Briefly, rats received weekly subcutaneous injections of DOCA (30mg/kg BW) after right nephrectomy and were given 1% saline for drinking water (DOCA-salt rats). Two groups of DOCA-salt rats were treated with different antihypertensive drugs mixed with normal rat pellets; 9 DOCA-salt rats were given 40mg/kg BW/day captopril (CAP group) and 8 DOCA-salt rat 10mg/kg BW/day trichlormethiazide (TCM group). The remaining 9 DOCA-salt rats were given normal rats pellets (DOCA group). Eight normal rats fed only rats pellets and tap water served as controls. Blood pressure was measured by the tail-cuff method, and 24 hour urinary protein excretion was measured using individual metabolic cages after 2 and 5 weeks. After 5 weeks of treatment, the kidneys were perfused with phosphate buffer followed by perfusion Nitrite production was suppressed in DOCA-salt rats. It was significantly increased by TCM therapy, but only slightly by CAP therapy. *p<0.05 vs. control. Effect of antihypertensive therapies on glomerulosclerosis score. Glomerular sclerosis index was significantly higher in DOCA-salt rats compared to control rats.
This score was significantly lowered by CAP therapy, and normalized by TCM therapy. **p<0.001 vs. control.
•} 0.14,p<0.05). NOS in endothelial cells in the kidney was also decreased. These results are consistent with previous reports which found that NO release and vasodilatation response to acetylcholine were decreased in the isolated perfused kidney of DOCA-salt hypertensive rats.5,6) The mechanism of reduced NO production in hypertension is thought to be the result of hypertensive endothelial damage,1,2) and the normalization of blood pressure ameliorated NO production.7) However, in the present study, we have demonstrated a reduction in immunoreactivity for B-NOS in the macula densa which could not be explained by mechanical damage caused by high blood pressure. Thus, high salt diet or deoxycorticosterone could have a direct inhibitory effect on B-NOS or EG-NOS activity.
As DOCA-salt hypertension is volume dependent, diuretics such as trichlormethiazide lowered blood pressure more effectively than the angiotensin converting enzyme inhibitor captopril. Nitrite production was increased with both antihypertensive therapies, which is partially explained by the protection of the endothelium from hypertensive damage. Actually, EG-NOS immunoreactivity was slightly restored by antihypertensive therapies, especially by captopril. However, nitrite production was increased more in the trichlormethiazide group than in the captopril group or control. This increased nitrite might be mainly derived from B-NOS in the macula densa because the immunoreactivity for B-NOS in the macula densa was obviously intensified. These results indicate that trichlormethiazide directly increased the amount of immunoreactive B-NOS in the macula densa. Trichlormethiazide blocks the Na+-Cl-cotransporter in the apical membrane of the early distal nephron,17) decreasing total body sodium and chloride when chronically administered. Therefore, intracellular sodium concentration in the macula densa may be decreased and B-NOS might be stimulated as has been previously shown in low salt diet rats.14) On the other hand, there is a report that high salt diet stimulates B-NOS activity in brain.18) Thus, the precise regulatory mechanism of trichlormethiazide on B-NOS is not clear, and further investigation is necessary. Glomerular damage could be prevented significantly by trichlormethiazide, but this protective effect was less in the captopril group. This difference may be explained not only by the effect of antihypertensive therapy on blood pressure, but also by an enhanced effect on NOS. The enhanced NO produced by B-NOS in the macula densa in the trichlormethiazide group may protect the kidney from glomerular damage through several mechanisms. First, NO has a role in tubuloglomerular feedback and maintains the glomerular filtration rate.9) Second, NO inhibits mesangial cell proliferation.19) Third, it inhibits intraglomerular coagulation and prevents the release of various growth factors from platelets.20) Finally, NO inhibits Na+-K+-ATPase in renal tubules, increasing Na+ excretion21) and lowering blood pressure more effectively. Through these effects , trichlormethiazide, which increases B-NOS in the macula densa, is more effective in preventing renal damage in DOCA-salt hypertensive rats. Captopril also showed a weaker but significant effect in the prevention of glomerulosclerosis, even though captopril did not lower blood pressure significantly. The effect of angiotensin converting enzyme (ACE) inhibitors such as captopril in the prevention of glomerular damage is considered to be due to efferent arteriolar dilatation and a reduction in intraglomerular pressure.22) Moreover, it has been demonstrated that the beneficial effects of ACE inhibitors on renal injury were due to an increase in vasodepressor eicosanoids and NO production as well as inhibition of oxygen radical generation in injured renal tissue.23) In our experiments, captopril might prevent glomerulosclerosis via these multiple factors even though NO production in kidney was not significantly increased.
In conclusion, nitrite production was reduced in DOCA-salt hypertensive rat kidney slices. Trichlormethiazide increased nitrite production in the kidney more effectively than captopril, via increased B-NOS in the macula densa, and prevented renal damage.
